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1 Introduction 
Visual accommodation is a mysterious function 

which has drawn strong attention from many vision 
researchers but long prevented accurate analysis, 
because there have been few appropriate 
measurement apparatuses. Every person more or less 
has troublesome with accommodation by myopia, 
hyperopia and/or presbyopia during his/her life. As 
it has strong relationship with three-dimensional 
perception, it is now drawing further attention in 
order to develop human friendly three-dimensional 
displays. 

We have developed several apparatus [1,2] to 
measure accommodation under natural visual 
environments and found various new phenomena 
about accommodation characteristics [3]. Then, we 
have introduced MEG system to record brain 
responses directly together with accommodation 
response. This paper report brief explanation of the 
apparatus and its application first. Next it reports the 
simultaneous recording of accommodation response 
and accommodation related MEG. The study 
revealed a probable control center of 
accommodation and detail temporal characteristics. 
 

2 Methods 

2.1 TDOIIITDOIIITDOIIITDOIII    (Three Dimensional Optometer III)(Three Dimensional Optometer III)(Three Dimensional Optometer III)(Three Dimensional Optometer III) 

The principle of the TDOIII (Fig. 1) is to obtain 
a stabilized right eye image with the aid of a special 
relay lens system, even if the eye moves to see 
visual objects, and thus enabling measurement of 
accommodation by an infrared optometer [1,2]. 
Movements of the eye are monitored by a TV 
camera, and the two galvanomirrors in the relay lens 
system are swung in opposite directions so as to 
compensate for the movements. Eye positions are 
calculated from the angle of the mirrors. 
Accommodation is measured by obtaining a 
reflected image from injected infrared beams onto 
the retina. Pupil diameter is calculated by using the 
monitored TV image. Visual angles allowed are 40°
horizontally and 30° vertically (-25° to +5°). 

Noise levels in measuring accommodation, eye 
movement and pupil response are ±0.08 D (Diopter), 
±0.29° and ±0.3 % respectively; precision and 
cutoff frequencies are ±0.25 D, ±0.5°, ±2 %; 4.7 Hz, 
4.7 Hz and 6.4 Hz. Left eye movement is simply 
measured by monitoring the movement of the 1st 
Purkinje image on the corn
Visual angle allowed is 50° and the cutoff 

ea with a CCD camera. 

frequency is 15 Hz.  

 

2.2 Accommodation response example 

Subjects were instructed to gaze binocularly at 
predetermined points in a reproduction of 
“Christina’s World 1948” painted by A. Wyeth (Fig.  



Fig. 2 An example of TDO measurement. (a)
Reproduction of Christina's world 1948 by A.
Wyeth used for a stimulus. (b) Response of
Accommodation (Acc), Vergernce (VG),
horizontal (RX) and vertical (RY) movement of
right eye. 

Fig. 3 Measurement system of MEG and
accommodation. The door of the shielded room
was kept open allowing the presence of a
special optical relay lens system to measure the
accommodation. 

2a). The photograph was 31 by 23 cm and placed at 
40 cm (2.5 D: Diopters) from the subject’s eyes. 
They gazed alternately at N and F for 10 s each. 
Gaze positions were not recorded on the picture, but 
their location was specified verbally. Averaged 
responses of subject S1 are shown in Fig. 2b in 
which the subject shifted his eye position at 5 and 15 
s. If accommodation were purely controlled by blur, 
there would be no need to change accommodation 
while looking at the drawing because it is kept at a 
fixed distance. However, when the subjects shifted 
their eye position from the shoulder of Christina 
(indicated by N) and looked at the horizon near the 
small hut (F), accommodation level (Acc) clearly 
receded. Inversely, when they looked back at the 
shoulder of Christina (N) an apparently near target, 
the accommodation level increased. Though the 
accommodation response appeared to be rather 

sluggish especially in the near to far accommodation, 
it should be caused by response fluctuation; namely 
small number of slower responses made the 
averaged response sluggish. The mean averaged 
accommodation of the five subjects was 0.68 ±  
0.07 D.  
 

2.3 Accommodation measurement with MEG 
In order to measure the accommodation 

together with MEG, we have made a special relay 
lens system, which optically transferred the subject’s 
eye image to outside of the magnetically shielded 
room (Fig. 3). It consisted of 4 identical spherical 
lenses with 400 mm focal lengths, moving the eye 
by 3200 mm to form a real image just in front of the 
dynamic refractometer where the subject’s eye was 
placed in normal measurements. The 
accommodation measurement was done with the 
real image of the eye. The dynamic changes of the 
focus point of the eye were measured by the optical 



Fig. 4 Upper: Typical MEG responses, accommodation responses and
target change. Two peculiar synchronized MEG responses were
found prior to the accommodation response. Lower: MEG responses
without accommodative stimulus. 

system shown in the figure. 
 

2.4  MEG measurement 
As our MEG system has a 

software noise reduction property, 
which uses noise data sensed by 
reference coils to subtract them 
from the measured data, a 
measurement with opening the 
door of a magnetic shielded room 
was examined [4]. The efficiency 
of the software noise reduction 
technique was confirmed by a 
phantom head experiment.  

Subjects were 5 right-handed 
volunteer with adequate 
accommodative power and no 
ocular problems other than myopia. 
The accommodative power (AP) 
of the each subject was measured 
with the dynamic refractometer by 
moving a target from a position 
located farther than the far point 
(the farthest point which the 
subject can focus) to another position nearer than the 
near point. A stepwise stimulus was set to be about 
60 % of each subject’s AP to prevent excessive 
visual fatigue. Subjects were instructed to try to 
watch the target as clearly as possible.  

The measurements were done on the right eye, 
occluding the left eye with an eye patch. The light in 
the magnetic shield room was turned off to dilate the 
pupil diameter. The experiments consisted of more 
than 64 recordings; the collected data were averaged 
after discarding those contaminated by eye blinks. 
The sampling rate was set to 250 Hz. The recording 
time started 1s before the onset of the stimulus and 
lasted 2.5 s. The evoked fields, the accommodation 
responses and the target positions were 
simultaneously recorded by a personal computer. 
The trigger signal for MEG measurement was made 
by a predetermined threshold of the target position. 
The MEG signals were removed offset using 1s pre-
recording and filtered with zero phase shift 0.5-40 
Hz band-pass filter. Dipole location was searched by 
the Simplex method with a criterion to minimize 
normalized square error of measured and theoretical 
magnetic fields. 

3 Results 
Fig. 4 shows typical temporal relationship 

between the target movement, averaged 
accommodation, and superimposed MEG responses 

toward far to near target stimulus movement. The 
MEG responses exhibited well-synchronized brain 
activity around 100 (M1) and 200 (M2) ms prior to 
the accommodation response, which started to react 
at around 300 ms. Both peak activities of M1 and 
M2 showed the phase reversal. It is noteworthy that 
the brain activity was rather quiet at around 300 ms. 
  

Fig. 5 shows the iso-contour map of M2 (from 
180 ms to 228 ms) that indicates high outflow of 
magnetic field from left temporal region and strong 
inflow of the magnetic field in the right temporal 
region. 
  

A spherical brain model was adopted and 
dipole estimation was performed. Firstly, one dipole 
fit was examined, which resulted relatively low error 
of fit (8-12 %). However the dipole was located very 
deep to be about 60 mm from the brain surface and 
dipole moment became very large to be about 200 
nAm. All the reliable dipoles we have found in 
various other experiments have been less than 100 
nAm. There have been no papers that reported 
dipoles bigger than 100 nAm. Moreover from 
physiological consideration, such a big current is 
unnatural. Hence, one dipole fit was not accepted. 

Then two dipole fit was conducted with Nelder-
Mead Simplex method that resulted parallel dipoles 
located near the parieto-occipital sulcus directing 
from posterior to anterior with much lower error of 



Fig. 6 Dipoles' location of M2 at the vicinity of
parieto-occipital sulcus. 

fit (5-8 %) and reasonable dipole strength of 46-60 
nAm. Fig. 6 shows dipole location of the subject on 
the MRI picture viewed from two different 
directions in a three-dimensional representation. 

There are no previous reports on the 
accommodation related MEG measurement. On the 
other hand, there are a few studies concerning the 
location of the control center of the accommodation, 
employing implanted electrodes as method and 
animals as subjects [5]. From that report, the 
location where accommodation was induced in the 
monkey brain was a little bit anterior to the location 
that was identified by the human subjects. However 
it was interpreted plausible because of the difference 
of the brain with the two species. Moreover former 
studies could not find basic relationship between 
cerebral activity and accommodation response nor 

could identified the control center of the 
accommodation. 

4 Conclusion 
As visual functions are very 

complicated it is always preferred to collect 
several physiological responses together 
with MEG and EEG. This report showed 
the possibility to elucidate visual 
accommodation function using TDO and 
MEG simultaneously. At present, the 
research is at the beginning stage and only 
the accommodative response is measurable 
together with MEG. We intend to widen the 
possibility in the future.  
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Fig. 5 Iso-contour map of all the 64 channels which
shows large outflow on the left occipital and lateral
lobes and inflow at the right occipital and lateral
lobes. 
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